Using a collection of 12 γ-ray burst (GRBs) sample and 186 Type Ia supernovae (SNe Ia) data containing 157 gold and 29 silver set, we make constraints on the cosmological model with adiabatic matter creation, assuming a spatially flat universe. It is shown that the matter creation can also lead to accelerating expansion of the universe without a cosmological constant or any other dark energy component.
Introduction
A great encouraging development in modern cosmology is the discovery of the acceleration of the universe through observations of distant Type Ia Supernovae (Riess et al. 1998; Perlmutter et al. 1999) . The anisotropy of the cosmic microwave background (CMB) results from balloon and ground experiments (Miller et al. 1999; de Bernardis et al. 2000; Hanany et al. 2000; Halverson et al. 2002; Mason et al. 2003; Benoît et al. 2003 ) and recent WMAP (Spergel et al. 2003) observation confirmed the result from SNe Ia and favored a spatially flat universe. It is well known that all known types of matter with positive pressure generate attractive forces and decelerate the expansion of the universe. The discovery from SNe Ia and CMB indicate the existence of a new component with negative pressure, which is now generally called dark energy.
The simplest one of dark energy is a cosmological constant (Weinberg 1989; Carroll et al. 1992; Ostriker & Steinhardt 1995) . An explanation of the cosmological constant is the vacuum energy, however, it is 120 orders of magnitude smaller than the naive expectation from quantum field theory. Bothering physicists much, other types of dark matter are tried, such as quintessence (Ratra & Peebles 1988; Coble et al. 1997; Caldwell et al. 1998) , which is described in terms of a cosmic scalar field φ; or other modified cosmological models are discussed, such as the Cardassian expansion model (Freese & Lewis 2002; Zhu & Fujimoto 2002) , the brane world model (Randall & Sundrum 1999; Deffayet et al. 2002; Avelino & Martins 2002 ) and so on.
All of cosmological models are based on the Big Bang cosmology. A model with adiabatic matter creation was proposed and gave some unexpected results. The basic idea is to add a balance equation for the number density of the created particles to the dynamic equations of the universe. The matter creation pressure p c , which is negative, can play the role of a dark energy component and lead to the accelerating expansion of the universe. Lima & Alcaniz (1999) tested the model without cosmological constant through the lookback time-redshift relation, luminosity distance-redshift relation, angular size-redshift relation and the galaxy number counts-redshift relation, and got some rough results. It was shown that this model was consistent with the observational accelerating expansion of the universe, and could also alleviate the conflict between the age of the universe and the age of the oldest globular clusters. In addition, based on the matter creation model, the singularity problem (Abramo & Lima 1996) , reheating during the inflationary epoch (Zimdahl & Pavon 1994) , the entropy problem (Brevik & Stokkan 1996) and the amplification of gravitational waves (de Garcia Maia et al. 1997; Tavares & de Garcia Maia 1998) had been studied.
It is well known that SN Ia be standard candle and can be used as distance indicator. The recent studies on GRB show a new relationship between the beaming-corrected gamma ray energy and the local observer peak energy (Ghirlanda et al. 2004a,b; Dai et al. 2004) , which indicate GRB is approximately standard candle and can possible be used to measure the universe. In this paper, we use a collection of 12 GRBs sample together with 186 SNe Ia sample to test the luminosity distance-redshift relation, and to make constraints of the parameters of the matter creation model. We present the basic cosmological equations of the universe with adiabatic matter creation in Sec.2. The observational constraints on which are described in Sec.3, while our conclusion and discussion are given in Sec.4.
The Cosmological Basic Equations with Adiabatic Matter Creation
The Robertson-Walker(RW) metric describing the space-time of the universe is
where r, θ, and φ are dimensionless comoving coordinates, k = 0, ±1 represent the curvature of the spatial section and a(t) is the scale factor. Using the Einstein field equation, we can acquire the equations to describe the dynamic behavior of the universe, namely the Friedmann equationsȧ
where ρ = ρ M + ρ R is the energy density(matter and radiation), p and Λ are the thermal pressure and cosmological constant respectively. p c is the matter creation pressure that takes the following form (Calvão et al. 1992 )
where H ≡ȧ/a is the Hubble parameter and ψ is the matter creation rate. In models with adiabatic creation, the balance equation for the particle number density n (Calvão et al. 1992; Lima & Germano 1992) isṅ
We take the form of matter creation rate as (Lima & Alcaniz 1999) 
where the parameter β is defined on the interval [0, 1] and assumed to be constant. Matter and radiation correspond to β M and β R respectively. Together with the equation of state (EOS) p = wρ,
the equation system becomes complete.
From Eqs. (2)and (3), we can get
Combining Eqs. (4), (7)and (8), it is easy to find
Using Eq.(9) and noting that 1 + z = a 0 /a, we can rewrite Eq.(2) in the form of the Hubble parameter
where H 0 is the Hubble constant, and
represents the expansion rate, in which Ω M , Ω R , Ω Λ and Ω k are the matter density, radiation density, cosmological constant and spatial curvature parameters at present.
The deceleration parameter q is defined as
Using Eqs. (2), (3) and (9), the deceleration parameter q reduces to
In the following discussion, we consider a spatially flat universe (Spergel et al. 2003) , and neglect the radiation term for its extremely small value today, that is,
If there is no cosmological constant, that is, Ω Λ = 0, Ω M = 1, Eq.(11) can be rewritten as
where β is β m , and q(z) can be simplified as
which shows that q is independent of redshift. From Eq.(15) we know that, if the universe is accelerating expanding, that is, q 0 < 0, β is need to be greater than 1/3.
Constraints from the Observation of SNe Ia and GRBs
The theoretical prediction for luminosity distance of an astronomical object in a spatially flat universe is
-5 -And the distance modulus is
where h = H 0 /(100 km/s/Mpc).
We determine the model parameters h, Ω M and β through a χ 2 minimization method. The parameter χ 2 is
where µ obi is the observed distance modulus of the ith object and σ obi is the observational error. The SNe Ia data are collected according to Riess et al. (2004) , while the GRBs data come from Dai et al. (2004) (see Appendix A for a brief description).
Case A: The Matter Creation Model without the Cosmological Constant
By minimizing χ 2 we can get the best fitting values of the parameters. The results, which indicates that β is most likely to be greater than 1/3 and accordingly q 0 < 0, are shown in Table 1 . We can easily calculate that, the Supernovae data give the probability of β > 1/3 is P ≈ 1; the joint result of SNe Ia and GRBs is P {β > 1/3} ≈ 1 too; just the GRBs data can also give P {β > 1/3} = 53.4%. It is to say that there may be no need to introduce a cosmological constant if there exists continuous adiabatic matter creation in our universe. We also note that Lima & Alcaniz (1999) used the luminosity distance-redshift relation gave the constraint β ≤ 0.48, which is inconsistent with our result. A possible reason is that they used only one datum just to give a rough result. Fig.1, 2, 3 show the confidence regions of the two parameters h and β of the three cases: GRBs only, SNe Ia only, and GRBs together with SNe Ia respectively. 
Case B: The Model with both the Matter Creation and Cosmological Constant
One can expect that the negative pressure of both the cosmological constant and the matter creation may jointly generate the acceleration of the universe. We calculate this model in order to give a comparison. But we find the observation rules out this model to great extent. The best fitting values of the parameters are shown in Table 2 . The cosmological constant Ω Λ = 1−Ω M . We find that the SNe Ia data indicate that β tends to be negative: for SNe Ia data only, P {β < 0} = 96.0%; for SNe Ia together with GRBs, P {β < 0} = 97.7%, which means matter vanish instead of matter creation, and is forbidden in terms of the second law of thermodynamics (Calvão et al. 1992) . The best fitting values of GRBs sample show Ω M = 1.654 with a big error of 5.457. In this case, Ω Λ = −0.654 is negative, which is contrary to the primordial purpose to introduce the cosmological constant. As for β, we cannot give a clear illustration for the sign of it due to the large error. We can achieve the conclusion that the matter creation model with the cosmological constant is incompatible with today's observation.
We can also note that β = 0 is the limiting case of Case B, in which there is no matter creation. This model reduces to the familiar ΛCDM one. This one has been thoroughly studied several years ago according to the first SNe Ia data (Riess et al. 1998; Perlmutter et al. 1999 ) and CMB anisotropy observation . We still list the results get from the data we use above in Table 3 . The value of Ω M is consistent with Riess et al. (2004) . 
Conclusions and Discussions
In this paper, we use a collection of 12 GRBs sample and 186 SNe Ia data containing 157 gold set and 29 silver set to constrain a cosmological model with adiabatic matter creation. Our result is that if there exists matter creation in our universe, it is unnecessary to introduce a cosmological constant to explain the surprised accelerating expansion of the universe. What's more, the matter creation model with the cosmological constant may not be able to provide a precise description of the universe according to today's observations. In this scenario, the matter creation pressure p c , which is negative, can play the role of a dark energy component and lead to the accelerating expansion of the universe. Zimdahl et al. (2001) ever obtained the accelerating expansion using the matter creation model, but they just employed the data of SNe Ia. In this paper, using more data (GRBs data added), we further support this conclusion.
In addition, it is shown from the figures that the confidence regions using the combination of GRBs sample and SNe Ia greatly shrink. There is no great improvement due to GRBs sample. This is probably because there is no much GRBs sample with higher redshift and GRBs data are about twice worse in accuracy than that of SNe Ia (Dai et al. 2004 ). Therefore, the detection of a larger sample of GRBs with higher redshift and lower observational error is expected for the further mapping of expansion history of the universe. 
A. Selection of GRBs Sample and Their Derivation of Luminosity Distances
The collection method of the 12 GRBs sample (Dai et al. 2004; Daly 1995) is briefly described here.
Using the afterglow jet model (Sari et al. 1999 ), we write the jet's half opening angle as
where z is redshift, t j is the break time of afterglow light curves, n is the medium density, and η γ = 0.2 ). Here we still approximate n and η γ to be constant, although they are dependent of time. The isotropic-equivalent γ-ray energy of a GRB is obtained by
where S γ , in units of erg cm −2 , is the fluence in some detected bandpass and k is the correct factor of the observed fluence to the some fixed comoving bandpass bracketed by two arbitrary energies E 1 and E 2 (1-10 4 keV) ). The cosmological k-correction takes as the form k = k[e 1 , e 2 , E 1 , E 2 , z, φ(E)] ≡ I[
where I[x 1 , x 2 ] = S [x 1 ,x 2 ] /S 0 , and e 1 , e 2 is the energies bandpass range for some detectors. The bandpass fluence is defined as
where the (time-integrated) spectral shape of the GRB, φ(E), and the normalization S 0 (units of photon per unit area per unit energy) are determined by measurements. We take the (time-integrated) spectral shape φ(E) as the form suggested by Band et al. (1993) .
= [ (α − β) E p (2 + α)100 keV ] (α−β) exp(β − α) E 100 keV β , (α − β)E p /(2 + α) ≤ E, where α, β and E p are three analytic parameters fit to the spectral shape.
Using Eq.(A1), (A2) and relation E γ,jet = (1 − cos θ)E γ,iso , we calculate the beamingcorrected γ-ray energy ( E γ,jet 10 50 ergs ) ≃ 1.30(1 + z) −3/4 ( t j 1day ) 3/4 ( E γ,iso 10 52 ergs ) 3/4 ( n 1cm −3 ) 1/4 η 1/4 γ .
